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fs| (54) Title: CUTTING TOOL FOR MULTIPLE SAMPLE RETRIEVAL FROM GELATINOUS MATERIAL 

1^ (57) Abstract: The invention relates to a sample retrieval apparatus of particular benefit in the field of molecular biology. The 
1 » apparatus permits the rapid collection of numerous specified fractions of samples, such as DNA, RNA or protein, separated by gel 
^ electrophoresis; or microorganisms grown on agar plates. The apparatus is capable of multiple sample retrieval from gels without 

cross-sample contamination from previously excised samples. Specifically, the sample retrieval apparatus is able to engage a cutting 
© tip, cut a desired spot, band or plaque from a gel, deposit the desired band or plaque into a container, such as a multi-well plate for 

processing, and disengage the used cutting tip. The apparatus is then able to repeat this process many times to facilitate rapid and 
^ accurate processing of multiple bands or plaques from a single gel using different cutting tips for each sample retrieval. 
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TITLE 

CUTTING TOOL FOR MULTIPLE SAMPLE RETRIEVAL 
FROM GELATINOUS MATERIAL 



FEDERALLY SPONSORED RESEARCH 
This research is partially sponsored by: the National Institutes of Health, grant 
number R01-HG01724; and the Human Genome Institute. The United States Government 
10 may have rights in this invention. 

BACKGROUND OF THE INVENTION 
In the field of molecular biology, many tools have been developed for 
analy2ing biomolecules. One such tool, electrophoresis, enables one to separate 
biomolecules, such as DNA, RNA and protein, based upon size, shape and/or charge. A 
15 mixture of biomolecules are placed in small wells in a gel, typically, a polyacrylamide gel, 
and a charge is applied which separates the biomolecules into discrete bands. The ability to 
separate biomolecules allows for the isolation and purification of many different biomolecule 
samples or bands in a single gel. Once isolated, a single band can be analyzed to determine a 
purified biomolecule's unique properties. In addition, isolation of purified biomolecules 
20 facilitates diagnosis of certain diseases and other biological abnormalities. 

Isolation of the samples has had some shortcomings. One of these 
shortcomings is cross-sample contamination, which can occur when the same scalpel or razor 
blade is used to excise different biomolecules from the gel. To isolate samples, the area of 
the gel containing the desired band is cut with a scalpel or razor blade. Conventional gel 
25 cutting tools, such as the tool described in U. S. Patent No. 5,587,062, do not provide for 
replacement of the cutting tool for each gel sample excised. Therefore, only one 
contamination-free sample can be excised. Subsequent samples can not be excised using the 
same cutting tool without contamination. 

Agarose gels are used to grow bacteria and other microorganisms. An agarose 
30 plate is streaked, for example, with a sample to be tested. Microorganisms typically grow in 
plaques on the gel. The plaques can be excised from the gel. The contamination problems 
that exist with electrophoresis gels are also experienced with agarose gels. 
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As a result, there is a need for a gel cutting apparatus capable of multiple 
sample retrieval without cross-contamination from previously excised samples. 

BRIEF SUMMARY OF THE INVENTION 
The present invention provides a sample retrieval apparatus that includes a 
5 support platform, a support translation member for moving the support platform to designated 
coordinates on X and Y axes, a cutter member, a cutter translation assembly for moving the 
cutter member to designated positions on a Z axis, the Z axis lying in a plane perpendicular to 
the support platform, and, a controller for designating the X, Y axis coordinates of the support 
platform and the Z axis positions of the cutter member. The support translation member has 
10 an elongate X rail lying on the X axis and an elongate Y rail lying on the Y axis. The X and 
Y rails each lie on a plane parallel to the other and are operatively connected to each other to 
permit relative travel of the X and Y rails along the length of the other. The support 
translation member also includes at least one motor for affecting such travel. 

The support platform is preferably slidably mounted for travel along the length of 
15 the X rail and the X rail is slidably mounted for travel along the length of the Y rail. 

Alternatively, the support platform is slidably mounted for travel along the length of the Y 
rail and the Y rail is slidably mounted for travel along the length of the X rail. 

The cutter member preferably includes a cutter tip having a proximal engagement 
end and a distal cutting and retrieval end. The cutter tip defines a passage therethrough. A 
20 plunger having a proximal engagement portion is preferably provided for slidable movement 
through the passage of the cutter tip. 

The cutter translation assembly preferably includes a motor and a shaft 
operatively connected to the motor for movement along the Z axis. The shaft has an 
engagement sleeve for releasable engagement of the engagement end of the cutting tip. A 
25 coupling member is received within the sleeve for releasable engagement with the 
engagement portion of the plunger. 

In an alternative embodiment, the cutter tip does not include the plunger and 
the plunger forms part of the cutter translation assembly. 

In the preferred embodiment, the distal cutting end of the cutter tip is configured 
30 for cutting into a section of gelatinous material for retrieving and holding the section of 
material. There is preferably a plurality of disposable cutter tips with associated disposable 
plungers. Alternatively, the cutter tips and associated plungers may be reusable following 
appropriate cleaning or sterilization. 
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The support platform is configured to hold at least one gelatinous sample 
container, at least one array of cutter members and at least one transfer container. The 
configuration may take the form of clasps to hold the various elements in place, precisely 
configured depressions or raised boundaries for receiving the various elements. 
5 An imager is provided for providing images of samples positioned on the 

support platform in the sample containers. A display unit is preferably provided for 
receiving and displaying images of the samples from the imager. The controller, which is 
preferably a computer in communication with the support translation member and the cutter 
translation assembly, may have an input device for selecting sample sections represented by 

10 the sample images displayed on the display unit that are to be retrieved and a memory and 
execution tool for determining the X, Y coordinates of the selected sample section on the 
support platform, determining the distance between the sample X, Y coordinates and moving 
the X, Y coordinates of the point of intersection between the Z axis and the support platform, 
and moving the support platform that distance such that the selected sample is aligned with 

15 the Z axis and moving the cutter member along the Z axis into position for cutting and 
retrieving the selected section of the sample. 

The present invention also provides a method for retrieving one or more 
selected samples from a gel. The method may include positioning at least one gel containing 
samples of interest, a plurality of cutter tips and at least one receiving container on a support 

20 platform; taking an image of the gel and displaying the image; and selecting a sample from 
the displayed image of the gel for retrieval. Thereafter, the support platform is moved to first 
coordinates along an X axis and a Y axis to place the one of the plurality of cutter tips into 
alignment with a cutter member. The cutter member is moved into contact with the cutter tip 
to attach it to the cutter member. The cutter member and the now attached cutter tip are 

25 moved out of contact with the plurality of cutter tips. The method continues by moving the 
support platform to second coordinates along the X and Y axes to place the selected sample 
into alignment with the cutter member, moving the cutter member along a Z axis into contact 
with the selected sample, piercing the portion of the gel containing the selected sample with 
the cutter tip, and withdrawing the cutter member to retrieve the selected sample. Then, the 

30 support platform is moved to third coordinates along the X and Y axes to place a receiving 
container in alignment with the cutter member. The selected sample is released to the 
receiving container. Where retrieval of additional samples is desired, the method further 
includes releasing the cutter tip following release of the selected sample and repeating the 
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foregoing steps for each of a desired number of different samples using a different one of the 
plurality of cutter tips for each sample retrieval. 

The invention is particularly useful in the field of molecular biology for rapidly 
collecting numerous specified fractions of samples of biomolecules, such as nucleic acid 
5 fragments, DNA, RNA or protein, that are separated by gel electrophoresis; or 

microorganisms, such as bacteria or yeast that is grown on agarose plates. The apparatus of 
the present invention is capable of multiple sample retrieval from such gels without cross- 
contamination from previously excised samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 is a perspective cut away view of the sample retrieval apparatus of the 

present invention. 

Figure 2 is a side view of the gel cutting assembly used in the sample retrieval 
apparatus of Figure 1. 

Figures 3 (a)-(e) illustrates the sequence of operations involved in excising a 
1 5 selected sample from a gel. 

Figure 4 is a schematic of the gel imaging and cutting routine where one cutting 
tip is used to make one cut per sample. 

Figure 5 is a schematic of the gel imaging and cutting routine where one cutting 
tip is used to make multiple cuts per sample. 
20 Figure 6 is a schematic of the gel imaging and cutting routine where different 

sized cutting tips are used to make one cut per sample. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of the sample retrieval apparatus 10 is shown in Figure 1. The 
apparatus shown includes two light-tight housing structures 12 and 14 which house, 
25 respectively, a support platform 24 and a support translation member 16 in the base housing 
12 and a gel imaging system 20 and a cutter assembly 18 in the upper housing 14. 

The housing structures 12, 14 maybe constructed of any suitable material for 
light-tight imaging, such as a metal, black acrylic, or other plastics. While shown in upper 
and base housing structures, those skilled in the art will recognize that any housing will 
30 suffice. The housing structures may be modular or may form a unitary structure. A single 
housing, not separated into apparent sections may also be used. 

With reference again to Figure 1, the base housing structure 12 has an access door 
40 for inserting and removing the support platform 24 and its contents. The support platform 
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24 may be constructed of any suitable material. In a preferred embodiment, the support 
platform 24 is constructed of black acrylic. The support platform 24 is preferably configured 
to hold one or more containers 34 of sample containing gelatinous materials, at least one 
cutting tip rack 30, and at least one receiving container 32. In a preferred embodiment, the 
5 support platform 24 is compartmentalized so as to have either preformed depressions or 
raised walls outlining where the gel 34, cutting tip rack 36 and receiving container 32 are 
positioned. Any suitable receiving container will suffice, such as a multi-well processing 
plate, a rack of one or more test tubes (not shown), or another gel container, depending on the 
nature of the sample and the desired further use thereof following retrieval. In use, the gel 34, 

10 the cutting tip rack 30 and receiving container 32 are positioned on the support platform 24. 
The gel 34, rack 30 and container 32 are preferably removable and are positioned on the 
support platform 24 when the apparatus 10 is being prepared for use. In an alternative 
embodiment, the rack 30 may be fixed to the support platform 24. 

The support platform 24 is able to move in two dimensions along an X axis and a 

15 Y axis through its connection to the support translation member 16. The translation member 
16 includes an X axis rail 26 and a Y axis rail 28. In a preferred embodiment, the Y axis rail 
28 rests on top of, and is slidably attached to, the X axis rail 26 while the support platform 24 
rests on top of, and is slidably attached to, the Y axis rail 28. The Y axis rail 28 moves along 
the X axis rail 26 in the direction of the X axis to designated X axis coordinates. The support 

20 platform 24 moves along the Y axis rail 28 in the direction of the Y axis to designated Y axis 
coordinates. Alternatively, the positions of the X and Y axis rails 26, 28 may be reversed. 
The movement is effected by motors 21 and 22 which are in communication with and 
controlled by a control device, such as computer 58. Each motor is able to move the support 
translation member 16 in one of the X axis or Y axis directions. Alternatively, a single motor 

25 capable of moving the support translation member 16 in both the X axis and Y axis directions 
may be used. In one embodiment, the support translation member 16 is connected via the 
motor 22 to a port in a workstation or other compatible system, such as a Silicon Graphic Inc. 
workstation, by means of serial communication, for example through an RS232 connector. In 
use, as the support platform 24 moves in either the X axis and/or Y axis directions, gel 34, 

30 cutting tip rack 30 and receiving container 32 all move together as a unit. 

The upper housing structure 14 contains a cutter assembly 18 and a gel imaging 
system 20. The gel imaging system 20 includes a camera, filters and light source. The 
system 20 images the gel 34 so the user can determine which spots, bands or plaques should 
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be excised. The gel imaging system 20 can use many different kinds of light and in multiple 
wavelengths, including ultraviolet, visible and far red, depending on the stain used in the gel. 
By imaging the gel 34 in multiple wavelengths, the gel's image may be projected to a display 
device 50, such as a computer monitor. 
5 In a preferred embodiment, the gel imaging system 20 includes a CCD camera and 

filter wheel. Two fiber optic cables connected to two 100W quartz-tungsten-halogen lamps 
are fitted with the motorized filter wheels. In addition, a video camera may be connected to a 
fiber optic scope aimed at the cutter assembly 18, and in particular, at the cutter member 38 to 
allow the user to monitor the process without opening the housing and exposing the interior 

10 to outside light. In the preferred embodiment, the CCD camera is connected to a computer 58 
via the SCSI port. The filter wheel controllers are connected to computer 58 via a parallel 
port. Those familiar with computer design and architecture will understand that other means 
of communication between the elements of the imaging system and the computer or other 
control or display device may be substituted. 

15 The upper housing structure 14 also contains the cutter assemblyl8, as shown in 

Figure 2. The cutter assembly 18 includes a cutter member 38 and a cutter translation 
assembly 42. The cutter member 38 includes cutting tips 36 and, in the preferred 
embodiment, an associated plunger 70. The cutting tip 36 has a proximal engagement end 46 
and a distal cutting and retrieval end 48 and defines a passage 44 therethrough. The plunger 

20 70 is slidably mounted in the passage 44 and has a proximal engagement portion 49. 

The cutter translation assembly 42 is mounted to the upper housing structure 14 in 
such a manner that it is capable of moving in a third dimension, along a Z axis. The cutter 
translation assembly 42 includes a motor mount 62 fixedly attached to the upper housing 
structure 14, a motor mount sleeve 64 attached to the motor mount 62, and a linear stepping 

25 motor 60 which is fixedly attached to the motor mount sleeve 64. The motor mount sleeve 64 
is moveably attached to the motor mount 62 such that the sleeve 64 passively travels or slips a 
desired distance along the Z axis. 

In the preferred embodiment, the distance of travel or slippage of the sleeve 64 in 
the mount 62 is approximately 0.63 cm QA inches). Greater or lesser distances may be used to 

30 accommodate the dimensions of the overall apparatus design. Attached to the bottom surface 
of the linear stepping motor 60 is a hollow tip holding sleeve 66. The linear stepping motor 
60 and its attached tip holding sleeve 66 move along the Z axis, which movement is 
controlled, in one embodiment, by means of an operative connected to a computer 58 via a 
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serial connection, such as an RS232 connector. Other suitable known means of control will 
suffice. 

Inside the hollow tip holding sleeve 66, the linear stepping motor 60 drives a drive 
shaft 72 which pushes a spring-loaded coupling shaft 74 in the Z' axis direction. The drive 
5 shaft 72 and the spring-loaded coupling shaft 74 can be one or two pieces, so they may or 
may not be threaded together. The tip holding sleeve 66 engages the proximal engaging end 
46 of cutting tips 36, which fit snugly onto the end of the tip holding sleeve 66. The coupling 
shaft 74 has a knurled end 76 that is inserted into a slot 68 in the proximal end 49 of a plunger 
70. 

10 The spring-loaded coupling shaft 74 acts as a piston to move the plunger 70 in 

the Z' axis direction. The plunger 70 may be fixedly attached to coupling shaft 74 or form a 
contiguous structure with shaft 74 provided the plunger 70 does not contact the samples in 
use. However, in the preferred embodiment, the plunger 70 and a cutting tip 36 form the 
cutter member 38. The plunger 70 and the cutting tip 36 are preferably disposable, but may 

15 be reusable after cleaning. The plunger 70 is proportioned to fit and slide freely within an 
axial passage 44 through the cutting tip 36 while still maintaining a fit that is tight enough to 
create suction. The spring-loaded coupling shaft 74 moves the plunger 70 upwards and 
downwards, such that the plunger 70 travels freely inside the cutting tip 36. In one 
embodiment, the motor controller for the coupling shaft 74 is operatively connected to a 

20 computer 58 through a second port via a serial connection, such as an RS232 connector. Any 
suitable known device for controlling the movement of the coupling shaft 74 and plunger 70 
will suffice. 

The apparatus 10 is also comprised of a display device 50, an input device 52, 54, 
56 and a control device 58 as shown in Figure 1. The display device 50 is used for displaying 

25 an image of the sample, such as spot, band or plaque patterns on the gel 34. The input 

devices 52, 54 or 56 allow the user to choose specific spots, bands or plaques of interest for 
excision. For example, the computer mouse 54 may be used to highlight and click on the 
selected sample. Alternatively, an electronic pen 56 may be used to circle the selected 
sample. The computer keyboard 52 may be used to key in coordinates matching the location 

30 of the selected sample on a grid overlay or cursor keys may be used to identify the selected 
sample. In yet another embodiment, the selection of the sample from the image may be 
automatic by means of software programmed to recognize and select specified spots, bands or 
plaques on a gel. 
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The control device 58, controls both the support platform 24 and the cutter 
translation assembly 42 so as to cause the cutter translation assembly 42 to move into the 
correct position to excise the desired spots, bands or plaques from the gel 34. The input 
device, such as a computer mouse 54, allows the user to select a desired spot, band or plaque 
by "clicking" on the spot's, band's or plaque's image while displayed on the display device 
50. The control device 58, a computer workstation or other suitable system, employs 
software to interpret the input data received from the input device and controls both the 
support platform 24 and the cutter member 38 so as to cause the cutter member 38 to excise 
the selected spots, bands or plaques from the gel 34. 

The control device 58 is programmed to "know" where the gel 34, cutting tip rack 
30 and container 32 are located. Because the support platform 24 has specific locations for 
placement of the gel 34, rack 30 and receiving container 32, the relative distance between 
locations on those items and a starting point can be determined. The program recognizes 
starting, or home, X, Y coordinates. The program "knows" where the individual cutting tips 
36 in the rack 30 and the individual wells in the container 32 are located by use of delta 
values to represent the distance between the starting X, Y coordinates and the X, Y 
coordinates of the consecutive cutting tips 36 and positions in the receiving container area. 
For example, the positions of the center of each well in a standard sized container are 
preprogrammed. Similarly, the distance between cutting tips in the rack, the location of 
differently sized tips and the rows of tips or other alignment of tips in the rack can be 
determined and preprogrammed. The delta values used to determine the X, Y coordinates of 
the selected gel sample may be, for example, based on pixels in the image of the gel. When a 
selection of a portion of the image representative of a sample on the gel is made, the distance 
in pixels in the image translates into discrete distance units on the actual gel and is converted 
into corresponding X, Y coordinates to pin the location of the sample on the support platform. 
The computer 58 then directs the movement of the platform 24 to the designated X, Y 
coordinates. The relative heights of the items on the platform 24 along the Z axis and the Z' 
axis and the delta values between a withdrawn position and an engaged position are also 
preprogrammed. 

The sample retrieval apparatus 10 operates as follows. Referring to Figures 4, 5 
and 6, first, the user places the gel 34, cutting tip rack 30 and receiving container, for 
example, the multi-well processing plate 32, on the support platform 24 (block 1). The gel 34 
will usually be a polyacrylamide electrophoresis gel but can also be an agar plate used to 
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grow microorganisms or any other kind of gel or material of similar consistency. Next, the 
user images the gel 34 in multiple wavelengths using the gel imaging system 20. To 
determine the proper exposure conditions, the support platform 24 is moved to predefined X, 
Y coordinates to position the gel 34 under the camera (block 2). When the conditions 
5 suitable for creating acceptable images are determined, the camera and filter are set to the 
appropriate settings. Because the CCD field-of-view is much smaller than the area of the gel, 
a composite set of tiled images is recorded so that the entire gel is imaged (block 3). In the 
tiling routine (block 4), the CCD camera scans back and forth across the gel 34 starting from 
one corner and moving systematically across and down the entire gel to the diagonal corner 

10 until images of the entire gel have been taken and stored. The tiled images are 

computationally assembled to create one complete image of the gel 34. One composite image 
is created for each dye-labeled sample on the gel 34. The gel's image is displayed on the 
display device 50 and the user can select a portion of the sample, such as the spots, bands or 
plaques of interest, based on visual inspection using one of the input devices 52, 54 or 56 

15 (block 5). The selection can also be based on the results of commercially available automated 
protein difference detection software. 

As shown in Figures 1 and 2, in order to engage a cutting tip 36, the control device 
58 directs the movement of the support platform 24 from its home position to a first X, Y 
coordinate position such that the tip holding sleeve 66 is aligned above the first available 

20 cutting tip 36 in the rack 30. The tip holding sleeve 66 is then lowered and the linear stepping 
motor 60 drives the drive shaft 72 which then moves the spring-loaded coupling shaft 74 
downward to engage the plunger 70. The assembly is then raised to remove the cutting tip 36 
from the rack 30. (block 6 of Figure 4, block 8 of Figure 5, blocks 8, 9 or 10 of Figure 6). 
The spring-loaded coupling shaft 74 then moves the plunger 70 down the passage 44 of the 

25 cutting tip 36 to give a 1 to 2 mm gap between the end of the plunger 70 and the tip of the 
cutting tip 36. At this time, the user may wish to inspect the position of the plunger 70 within 
the tip 36. (blocks 7, 9 and 11 of Figures 4, 5 and 6, respectively) 

Next, the control device 58 directs the movement of the support platform 24 to 
another X, Y coordinate to position the selected spot, band or plaque of the sample in 

30 alignment with the cutter member 38 (blocks 8, 10 and 12 of Figures 4, 5 and 6, respectively). 
At this time, the user may wish to inspect the position of the cutting tip 36 relative to the 
selected sample by using the video camera . If the alignment was not correct, adjustments can 
be made by means of a manual adjustment of the support platform 24 or, preferably, by 
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adjusting the origin parameters through the computer program control. If positioned 
correctly, the cutter member 38 with tip 36 attached is then lowered along the Z axis until the 
disposable cutting tip 36 rests on the gel 34. The cutter member 38 operates as shown in 
* Figure 3 to use one tip 36 to make one cut in a gel 34 per sample. The weight of the cutter 
5 member 38 causes the motor mount sleeve 64 to slip against the motor mount 62 so that the 
cutting tip 36 slices into the gel 34. The cutting tip 36 has a negative bevel to allow for easier 
excision of spots, bands or plaques from the gel 34. After the tip 36 slices into the gel 34, the 
plunger 70 is withdrawn along the Z' axis enough to create a suction to hold the excised gel 
section within the passage 44 (blocks 9, 1 1 and 13 of Figures 4, 5 and 6, respectively). The 

10 cutter member 38 is then raised to remove the selected spot, band or plaque from the gel 34. 

The control device 58 then directs the movement of the support platform 24 to 
third X and Y coordinates to position the cutter member 38 above the first available well in 
the multi-well processing plate 32 or other receiving container for transfer of the selected 
sample. The wells in the multi-well processing plate 32 are preferably pre-filled with solution 

15 required for processing of the sample. The cutter member 38 is then lowered along the Z axis 
to position the cutting tip 36 over the surface of the processing solution and the spring-loaded 
coupling shaft 74 extends the plunger 70 along the Z' axis within the passage of the cutting 
tip 36 to eject the selected sample in the gel fragment into the processing solution (blocks 
10,12 and 14 of Figures 4, 5 and 6, respectively). Following ejection of the sample, the cutter 

20 member 3 8 is raised. 

Next, the control device 58 directs the movement of the support platform 24 to the 
first X, Y coordinates to position the cutting tip 36 above the location in the rack 30 from 
which it was originally taken. The cutter member 38 is then lowered and deposits the tip 36 
back into the rack 30 before being raised to its initial position (blocks 11,13 and 15 of Figures 

25 4, 5 and 6, respectively). The control device 58 then directs the movement of the support 
platform 24 to its original starting position. The foregoing sample retrieval procedure is 
repeated as many times as desired (blocks 12,14 and 16 of Figures 4, 5 and 6, respectively). 
As a result, the sample retrieval apparatus 10 is able to retrieve multiple samples from 
molecular biology gels without cross-contamination from previously excised samples. 

30 Another embodiment of the invention allows for single cuts to be made in a gel 34 

using a plurality of different size cutting tips 36 in order to excise different size spots, bands 
or plaques in the gel 34. A schematic of the gel imaging and cutting routine used in this 
embodiment is shown in Figure 6. The different size cutting tips 36 are all designed with the 
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same size proximal engaging ends 46 to fit on the same tip holding sleeve 66. The difference 
between this embodiment and the general embodiment shown in Figure 4 is that this 
embodiment has the additional step of allowing the user to select the size of the cutting tip 36 
using the input device 52, 54 or 56. Preferably, however, the size of the cutting tip 36 will be 
automatically calculated by the computer 58 based on the size of the sample selected. There 
may be several pre-set sizes for circles surrounding a selected sample defining for example, 
small, medium and large or extra large protein spots (blocks 6-10, Figure 6). Each circle 
size corresponds to a different size cutting tip 36. The tip rack 30 is filled with the different 
sized tips 36 in predefined positions within rack 30. 

A further embodiment of the invention allows for a single cutting tip 36 to make 
several cuts in a large band or plaque in order to excise the entire band or plaque before 
exchanging tips and subsequently excising a new band or plaque. A schematic of the gel 
imaging and cutting routine used in this embodiment is shown in Figure 5. The difference 
between this embodiment and the general embodiment shown in Figure 4 is that this 
embodiment has the additional step of calculating the number of cuts (n) needed to excise the 
entire spot, band or plaque and then repeating the cutting process n times before ejecting the 
cutter tip 36 (block 7, Figure 5). 

Although the foregoing invention has been described in detail using illustrations 
and specific commercial components for clarity, it will be apparent to persons having 
ordinary skill in the art in light of the detailed description and drawings, that certain changes 
and modifications may be made thereto without departing from the spirit and scope of the 
invention. 
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CLAIMS 

1 . A sample retrieval apparatus comprising: 
a support platform; 

a support translation member for moving the support platform to designated 
coordinates on X and Y axes; 
a cutter member; 

a cutter translation assembly for moving the cutter member to designated positions on 
a Z axis, said Z axis lying in a plane perpendicular to the support platform; and, 

a controller for designating the X, Y axis coordinates of the support platform and the 
Z axis positions of the cutter member. 

2. The apparatus recited in claim 1 wherein the support translation member is comprised of 
an elongate X rail lying on the X axis and an elongate Y rail lying on the Y axis, the X 
and Y rails each lying on a plane parallel to the other and being operatively connected to 
each other to permit relative travel of the X and Y rails along the length of the other; and, 

at least one motor for effecting such travel 

3. The apparatus recited in claim 2 wherein the support platform is slidably mounted for 
travel along the length of the X rail and the X rail is slidably mounted for travel along the 
length of the Y rail. 

4. The apparatus recited in claim 2 wherein the support platform is slidably mounted for 
travel along the length of the Y rail and the Y rail is slidably mounted for travel along the 
length of the X rail. 

5. The apparatus recited in claim 1 wherein: 

the cutter member is comprised of: 

a cutting tip having a proximal engagement end and a distal cutting and retrieval end 
and defining a passage therethrough; and, 

a plunger slidably mounted in the passage, the plunger having a proximal engagement 
portion; and, 

the cutter translation assembly is comprised of: 

a motor; 

a shaft operatively connected to the motor for movement along the Z axis, the shaft 
having an engagement sleeve for releasable engagement of the engagement end of the cutting 
tip; and, 
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a coupling member received within the sleeve for releasable engagement with the 
engagement portion of the plunger. 

6. The apparatus recited in claim 5 wherein there are a plurality of disposable cutter 
members. 

5 7. The apparatus recited in claim 1 wherein the cutter member is comprised of a cutter tip 
having a proximal engagement end and a distal cutting and retrieval end and defining a 
passage therethrough. 
8. The apparatus recited in claim 7 wherein 

the cutter translation assembly is comprised of a motor, 
10 a shaft operatively connected to the motor for movement along the Z axis, the shaft 

having an engagement sleeve for releasable engagement of the engagement end of the cutting 
tip; and, 

a plunger having a proximal end received within the engagement sleeve and a distal 
end sized for insertion into the passage of the cutter tip. 
15 9. The apparatus recited in claim 7 wherein the distal cutting end is configured for cutting 
into a section of gelatinous material for retrieving and holding the section of material. 

10. The apparatus recited in claim 7 wherein there are a plurality of disposable cutter tips. 

11. The apparatus recited in claim 1 wherein the support platform is configured to hold at 
least one gelatinous sample container, at least one array of cutter members and at least one 

20 receiving container. 

12. The apparatus recited in claim 1 1 wherein the gelatinous sample container is an 
electrophoresis gel plate containing bands of biomolecules. 

13. The apparatus recited in claim 1 1 wherein the gelatinous sample container is an agarose 
dish containing plaques of microorganisms. 

25 14. The apparatus recited in claim 1 1 wherein the receiving container is comprised of a 
plurality of sample receiving sections. 

15. The apparatus recited in claim 1 1 wherein the array of cutter members comprises a 
plurality of disposable cutting tips, each tip having an associated plunger. 

16. The apparatus recited in claim 15 wherein the plurality of cutter tips includes a plurality 
30 of differently sized cutting tips for cutting differently sized samples from the gelatinous 

sample container, 

17. The apparatus recited in claim 1 further comprising: 

an imager for providing images of samples positioned on the support platform. 
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18. The apparatus recited in claim 1 further comprising: 

an imager for providing images of samples positioned on the support platform; 

a display unit for receiving and displaying images of the samples from the imager; 

wherein the controller has an input device for selecting sample sections represented by 
the sample images displayed on the display unit that are to be retrieved and a memory and 
execution tool for determining the X, Y coordinates of the selected sample section on the 
support platform, determining the distance between the sample X, Y coordinates and the X, Y. 
coordinates of a point of intersection between the Z axis and the support platform, and 
moving the support platform said distance such that the selected sample is aligned with the Z 
axis and moving the cutter member along the Z axis into position for cutting and retrieving 
the selected section of the sample. 

19. The apparatus recited in claim 1 8 wherein the controller is a computer in communication 
with the support translation member and the cutter translation assembly. 

20. A sample retrieving apparatus comprising: 

a support platform for receiving at least one sample containing gel, a supply of cutting 
tips, and a receiving container thereon; 

a support translation member for moving the support platform two dimensionally 
along an X axis and a Y axis; 

a gel cutter assembly capable of moving in a third dimension, along a Z axis; 

a gel illumination system; 

a display device for displaying thereon an image of the gel; 

an input device for choosing a desired portion of the gel; and 

a control device for controlling the translation member and the gel cutter assembly so 
as to cause the gel cutter assembly to excise the desired portion and deposit the excised 
portion into the receiving container. 

21 . The gel cutting assembly recited in claim 20 comprising: 
a linear stepping motor; 

a motor mount sleeve moveably connected to the linear stepping motor, 

a motor drive shaft extending from the linear stepping motor; 

a tip holding sleeve connected to the linear stepping motor and around the motor drive 

shaft; 

a cutting tip defining a passage therethrough and being releasably connected to the tip 
holding sleeve; 
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a plunger positioned for sliding within the passage of the disposable cutting tip. 
a spring-loaded coupling shaft connected to the motor drive shaft on one end thereof 
and to the disposable plunger on the other end thereof for effecting linear movement of the 
plunger within the passage of the cutting tip. 
5 22. The apparatus recited in claim 21 wherein the plunger is releasably attached to the 
coupling shaft. 

23. The apparatus recited in claim 22 wherein the plunger and the cutting tip are disposable. 

24. A method for retrieving a sample from a gel comprising: 

(a) positioning at least one gel containing samples of interest, a plurality of cutting 
1 0 tips and at least one receiving container on a support platform; 

(b) taking an image of the gel and displaying the image; 

(c) selecting a sample from the displayed image of the gel for retrieval; 

(d) moving the support platform to first coordinates along an X axis and a Y axis to 
place one of the plurality of cutter tips into alignment with an operative portion of a cutter 

1 5 translation assembly; 

(e) moving the operative portion into contact with the plurality of cutting tips to 
attach one of the cutting tip to the operative portion; 

(f) moving the operative portion and the cutter tip out of contact with the plurality of 
cutter tips; 

20 (g) moving the support platform to second coordinates along the X and Y axes to 

place the selected sample into alignment with the cutting tip; 

(h) moving the cutting tip into contact with the selected sample; 

(i) piercing the sample with the cutting tip; 

(j) withdrawing the cutting tip to retrieve the selected sample; and 
25 (k) moving the support platform to third coordinates along the X and Y axes to place 

a receiving container in alignment with the cutting tip and the retrieved selected sample; and, 
(1) releasing the selected sample to the container. 

25. The method of claim 24 further comprising releasing the cutting tip following release of 
the selected sample and repeating steps (b) through (k) for each of a desired number of 

30 different samples using a different one of the plurality of cutting tips. 



15 



WO 01/50121 



PCT/USO 1/003 12 




WO 01/50121 



PCT/US01/00312 




WO 01/50121 



PCT/USOl/00312 




WO 01/50121 



PCT/US01/00312 



4/6 

1 ) 
Place gel, rack and 
plate in imaging 
platform 



Determine exposure 
conditions • 



Record composite 
set of tiled images 



Perform tiling 



Select protein spot 



Pick up new tip 



Inspect'cutter shaft 



8 

Move stage 



9 



Cut protein spot 

FIG. 4 



10 

Deposit gel fragment 



11 

Eject cutter tip 




WO 01/50121 



PCT/US01/00312 



1 ' 

Place gel, rack and 
plate in imaging 
platform 



Determine exposure 
conditions * 



5/6 



Record composite 
set of tiled images 



Perform tiling 



Select protein spot 



6 

Determine location 
of next cutter tip 
and well 



Calculate number 
and position of 
cuts (number of 
cuts = n) 



8 

Pick up new tip 



Inspect cutter 
shaft 



10 

Move stage 



} 



11 

Cut protein spot 



n 

cycles 



U 



12 

Deposit gel 
fragments 



13 

Eject cutter tip 




FIG. 5 



WO 01/50121 



PCT/US01/00312 



6/6 



1 



Place gel, rack and plate in 
imaging platform 



Determine exposure 
conditions 



Record composite 
set of tiled images 



Perform tiling 



Select protein spot 




Pick up large tip 



9 

Pick up 
medium tip 



10 
Pick up 
small tip 



Kf 
i/ 



11 

Inspect cutter 
shaft 



12 

Move stage 



FIG. 6 



13 

Cut protein spot 



14 

Deposit gel 
fragment 



• 15 
Eject cutter tip 




Exit 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
12 July 2001 (12.07.2001) 




PCT 



1 Hill U UUU Hill [III I (1 [I! I1!0 HID (1111 OIB If II If IIIQ [III IIll DI1 

(10) International Publication Number 

WO 01/50121 A3 



(51) International Patent Classification 7 : G01N 27/447 

(21) International Application Number: PCT/US0 1/003 12 

(22) International Filing Date: 5 January 2001 (05.0L2001> 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

09/478,664 6 January 2000 (06.01 .2000) US 

(71) Applicant: CARNEGIE MELLON UNIVERSITY 

[US/US]; 5000 Forbes Avenue, Pittsburgh, PA 15213 
(US). 

(72) Inventor: MIND EN, Jonathan, S.; 1406 Browning Road, 
Pittsburgh, PA 15206 (US). 



(74) Agents: ETHRIDGE, Christine, R. et al.; Kirkpatrick & 
Lockhart LLP, Henry W. Oliver Building, 535 Smithfield 
Street, Pittsburgh, PA 15222-2312 (US). 

(81) Designated States (national): AU, CA, JP. 

(84) Designated States (regional): European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU. MC, 
NL, PT, SE, TR). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

7 March 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: CUTTING TOOL FOR MULTIPLE SAMPLE RETRIEVAL FROM GELATINOUS MATERIAL 




3 ■ 

fS 
l-H 

1^ (57) Abstract: The invention relates to a sample retrieval apparatus of particular benefit in the field of molecular biology. The 
"* — apparatus permits the rapid collection of numerous specified fractions of samples, such as DNA, RNA or protein, separated by gel 
IZj electrophoresis; or microorganisms grown on agar plates. The apparatus is capable of multiple sample retrieval from gels without 
cross-sample contamination from previously excised samples. Specifically, the sample retrieval apparatus is able to engage a cutting 
Q tip, cut a desired spot, band or plaque from a gel, deposit the desired band or plaque into a container, such as a multi-well plate for 
^ processing, and disengage the used cutting tip. The apparatus is then able to repeat this process many times to facilitate rapid and 
^ accurate processing of multiple bands or plaques from a single gel using different cutting tips for each sample retrieval. 



INTERNATIONAL SEARCH REPORT 



iternational Application No 

PCT/US 01/00312 



A CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G01N27/447 



According to International Patent Classification (IPC) or lo bolh national classificalion and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classificalion system followed by classification symbols) 

IPC 7 G01N 



Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 



Electronic data base consulted during the international search (name ol dala base and. where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of Ihe retevanl passages 



Relevant to claim No. 



WO 98 23950 A (BRUCE JAMES ALEXANDER 
; OXFORD GLYCOSCIENCES UK LTD (GB); PLATT 
ALB) 4 June 1998 (1998-06-04) 
abstract; figure 3 

W0 99 15875 A (MACQUARIE RES LTD ;BING 
CHENG HONG (AU); FABER PIETER (AU); 
OSTERM) 1 April 1999 (1999-04-01) 
abstract; figure 1 

US 5 638 170 A (TRINKA ROBERT F ET AL) 
10 June 1997 (1997-06-10) 
abstract; figure 3 

US 5 587 062 A (T0GAWA Y0SHIYUKI ET AL) 
24 December 1996 (1996-12-24) 
cited in the application 
the whole document 



1,20,24 



1,20,24 



| Further documents are listed in Ihe continuation ol box C. 



ID 



Patent family members are listed in annex. 



Special categories of cited documents : 

A- document defining the general state of the art which is not 
considered to be of particular relevance 

E' earlier document but published on or after the international 
filing date 

L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date ol another 
citation or other special reason (as specified) 

O' document referring to an oral disclosure, use. exhibitioner 
other means 

P* document published prior to ihe international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•Y" document of particular relevance: Ihe claimed invention 

cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious lo a person skilled 
in the art. 

document member of the same patent family 



Date ol the actual completion of the international search 



12 July 2001 



Date of mailing of the international search report 

20/07/2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patent laan 2 
NL-2280 HV Rqswljk 
TeL (♦31-70) 340-2040. Tx. 31 651 epo nl 
Fax: (+31-70) 340-3016 



Authorized officer 



DuchatelHer, M 



Fomi PCT/ISA/210 (second sheat) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



'nternatlonal Application No 

PCT/US 01/00312 



Patent family 
member(s) 



Publication 
date 



WO 9823950 



WO 9915875 



US 5638170 



US 5587062 



04-06-1998 



01-04-1999 



10-06-1997 



24-12-1996 



AU 
AU 
EP 
NO 
US 
ZA 



713259 B 
5230098 A 
0941477 A 

992583 A 
6064754 A 
9710792 A 



AU 
EP 



9330898 A 
1017982 A 



NONE 



NONE 



25-11-1999 
22-06-1998 

15- 09-1999 
28-07-1999 

16- 05-2000 
01-12-1998 



12-04-1999 
12-07-2000 



Form PCT/1SA/210 (paisnt t amity amex)(Juty 1992) 



